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This study verified the antioxidant and whitening activities of a Pinus koraiensis extract (PK) and a
Hibiscus cannabinus L. extract (HC), and further evaluated the interaction of the extract ingredients
when mixed at a 1:1 ratio (PKHC). The electron-donating and ABTS" radical scavenging activities of
the PKHC extract at 1,000 ug/ml concentration were 93.7% and 94%, respectively, indicating a higher
efficacy than achieved with either extract alone. Measurements of the tyrosinase the activities in re-
sponse to PK, HC, and PKHC extracts at 1,000 g/ ml concentrations showed inhibitions of 40%, 27.5%,
and 43%, respectively, confirming a higher efficacy of the mixture due to the synergistic action of the
ingredients. The cell toxicity values in melanoma cells treated with PK, HC, and PKHC at 1,000 ng/ml
concentration were 87.4%, 80.2%, and 98%, confirming a higher viability in cells treated with the mix-
ture due to antagonism. The expression of microphthalmia-associated transcription factor (MITF), ty-
rosinase-related protein-1 (TRP-1), tyrosinase-related protein-2 (TRP-2), and tyrosinase protein ex-
pression determined by Western blotting decreased by 53.9%, 64.8%, 67.3%, and 56.1%, respectively,
when PKHC was administered at a concentration of 100 pg/ml. Reverse transcription-polymerase
chain reaction (RT- PCR) results also showed that PKHC at a concentration of 100 pg/ml inhibited
the mRNA expression of MITF, TRP-1, TRP-2, and tyrosinase mRNA by 54.4%, 64.9%, 66.6%, and
63.1%, respectively. Taken together, the data confirmed the antioxidant and whitening effect of the
PKHC extract and verified the possibility that this extract mixture has great potential as a cosmetic

ingredient.
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2o, cAMPE PKA, cAMP responsive element binding
protein 1 (CREB1)< 7 fr3l% microphthalmia-associated
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Az g 8 A2 54 A0 A8 rhe2 FA A2
Ql BI6F10= ATCC (USA)lA 43k AR&stath. A2 uj
F& 9138 A8 dulbecco’s modified eagle medium (DMEM),
penicillin/streptomycin, fetal bovine serum (FBS), phos-
phate buffered saline (PBS), trypsin thermo scientific hy-
clone (USA)lA T34t

Algk & 7191

g4tals 9 ABTS radical 27% ZA o AH4H A%<l
2,2-diphenyl-1-picrylhydrazyl (DPPH)9} potassium persul-
fate= Sigma-Aldrich Corporation (St. Louis, MO, USA)9l| A
TAste AFEsESlom 2,2-azino-bis (3-ethylbenzothiazo-
line-6-sulphonic acid)s= Wako Pure Chemical Industries.
Ltd. (Japan)ol A TF4eted ARGl ma gy 54 A3l
AHg-E A 9kl L3 4-dihydroxy-phenyl-alanine (L-DOPA)<%}
mushroom tyrosinase 5 Sigma Chemical Co. (St. Louis,
MO, USA)I A Tasted Abgstith Al M 5L HlE A&
& Z4 ) A43 haemacytometer (Marienfeld, Germany),
3-[4,5-dimethylthiazol]-2-yl]-2,5-diphenyl-tetrazolium  bro-
mide (MTT)+ Sigma-Aldrich Corporation (St. Louis, MO,
USA)l A 79341, dimethyl sulfoxide (DMSO)+ Bio
Shop (Canada)oll A} #9438kl AL&skitt. =3k G2 Wy
g AH8H B-actin ¥ MITF, TRP-1, TRP-2, tyrosinase]
primary antibody$} anti-mouse, anti-goat, anti-rabbit 59|
secondary antibody Santa Cruz (CA, USA)l A 434



Th. Reverse transcription-polymerase chain reaction (RT-
PCR)<l ] &3 cDNA polymerase kit, Go Script™ Reverse
Transcription kits Promega (Madison, WI, USA)l| Al T4
tA9om, GAPDH % MITF, TRP-1, TRP-2, tyrosinase®
Bionics (Seoul, Korea)oll Al F+§}3}o] AM-83} .

A AH8H 717]& vortex (Scientific Industries, INC,
US.A), microplate reader (Tecan, Austria), pH meter (Met-
tler-Toledo AG, Switzerland), autoclave (JS Research Inc,
Korea), freeze drier (ILShin BioBase Co. Korea), rotary vac-
uum evaporator (EYELA, Japan), CO, incubator (Vision
Scientific, Korea), microscope (Olympus, Japan), micro cen-
trifuge (gyrozen, Korea), digital shaker (Deihan Scientific,
Korea), centrifuge (Hanil Science Industrial Co. Korea),
Mini-PROTEAN® tetra cell (Bio-Rad, U.S.A.), Mini Trans-
Blot® Cell (Bio-Rad, US.A.), Davinch-Chemi'" Imager CAS-
400SM System (Davinch-K Co, Korea), PCR (C-100, Bio-Rad,
USA)Y] 717]1E AH&3tAT.
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H[1]S "Estd Agsgltt oeEol &3 02 mM 1,1-
diphenyl-2-picrylhydrazyl (DPPH) €9 60 pl¢} &% ¥ =&
ZAG AEEd 120 plE micro well plated] ¥3 3 &
Aol A 158 ¥-&AZ] § microplate readers ©]-&3te] 517
nmo A9 FFEE FAGHUT. AATAe e ARHREFH
TS FRE AaeE YEYIT

NER7HEY §3=
FANEY FR=

AR (%) = (1 ) x100

ABTS" radical scavenging activity assay &3

ABTS" decolorization assay*¥ % [3]-& ABTS" radical& 9|
43 Pty ZAYHOE 7 mM 2,2-azino-bis (3-ethyl-
benthiazoline-6-sulfonic acid) % 2.45 mM potassium persul-
fates EFTF F H2oA 243t 53 WHE3te ABTS'E
FGA o] F oeE R 84ste] A-EEH o.M, ABTS 100

ulell A& 100 Wl 7+t 700 nmol A 9] R ES =431}
o ANai7hre 3%
ABTS &A% =(1- g —o g ge ) X100

Tyrosinase Mol &4 £F

Tyrosinase A 3§ &4 342 Yagi 5 ®H[20]0 weh A
& 23t Ant BT 67 mM sodium phosphate buffer
(PH 6.8) 80 o] 10 mM L-DOPA (Sigma, USA)E %9l 7]
B 40 plo} A EEY 40 ple &Yl 200 U/ml mushroom
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tyrosinase (Sigma, USA) 40 ul& 78kl 37Tl A 1083k
WA 7 ¥ & A4 H DOPA chrome® 492 nmoll A &
35t Tyrosinase A8 &4 & Al 5&4 9] A7t F34
Ao FRE AaeE Yl

N7t §3%
TS ¥RE

38 (%) —(1-

) x100

M HHQH

& A o] &3 Dbt AL BI6F109] ¥l L 10%
FBS®} 1% penicillin/streptomycin (100 U/ml)= H7}&
DMEM Hj A & A}&-35F9 0.1, 37C, 5% CO; incubatord] A&
AA A ) gst At

MTT assay0l 25t M= MEE =3

AE HEE 24 Carmichael® W20 whet 43S
Astict. Aehient A Z2l BI6F10Z 96 well plated] 1x10°
cells/wello] B =5 180 pl¥ EF3tRL, AEE TEEE
ZASt 20 p® £53 £ 37T, 5% CO, incubatorol| A 244
2 v oFatgiTh. 7)ol 25 mg/mle] HFEE A 23 MIT &9
40 W15 H7hete 3AZE w ket 3 mF A& A AL 72 well
¥ DMSO 100 wl# 7tate] A&oA 1023 ¥H-&AZ H
ELISA reader® 540 nmol A FHEE SA T A= A&
& SAL ANSEAY A FANEY §RE HAER

e Sl
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Western blot S8t CH4Zol & £

Microphthalmia-associated transcription factor (MITF), ty-
rosinase related protein-1 (TRP-1), tyrosinase related pro-
tein-2 (TRP-2), tyrosinase®] WW## QA5 &4& dof
B7] 93te] @tk A <l B16F10< 100 mm tissue cul-
ture disholl 1x10° cells/well 2 cell seeding® 3 2447 53
Hj kst cells A SHA AT WA S A ASIL o-MSH (100
AM)E 24 A ¥ F2ES S5 ¥2 AW A2
A7 WA, o/ BAl AE AAST phosphate
buffered saline (PBS)E 2% A% 3}l t}. Radio-immunopre-
cipitation assay (RIPA) buffer 10 ml®l| complete mini 1 tabE
7k 100 12 &85k 4°C, 13,200 rpmoll A 2087 94 £
St 9Al Esto] d& 4592 BCA protein assay kit
= AHEet] et or, 20 plef A2 10% acryl amide
gelol Al 71 G &t Eelstich. £eld DB E L transfer
7171& ] &34 polyvinylidene fluoride (PVDF) membrane
of &7 F A9 143 F<F blocking buffer (5% skim
milk in TBST)ell A ¥} FA AT 14 FAE 343k 4Tl A
over night¥ B+, B 108 1+A 02 tris-buffered saline
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and tween 20 (TBST)E 33] Al &3}t 234 A& 1:1,0002
Z B 4sta] A2 A 0wt vkt & TBSTZ 33| 423k
Davinch-Chemi" Imager CAS-400SM System 7] 7] ©] &3}
o W gl 2 FFSAT

Total RNA =2 ¥ cDNA &4

B16F10 Al Z & 100 mm culture dishOl] 1x10° cells/well &
cell seedingdt®] 24417k <k Wl F& & o-MSH (100 nM)E
N AeEE & 3222 vEEE Agste 143t T
Hj kst Atk WA dsde AATL F
wellell 1,000 ul¥ &33to] A EE lysisd ¥ chloroform 200
HE #Fste] 2023 SJoteh = E50F0 WEAZY. 1
T 47, 13,200 rpmel A 2087 94 23t FF AL iso-
propanol 500 pl7} Eol& FH &4 413t ©Al 13,200
rpmoll A 2083 94 st A L, 1 AFAS AAS A 75%
EtOH-diethylpyrocarbonate (DEPC) waterg 7+ FH. 1,000

trizol lysis bufferg

4%

miru 12

ul¥ #Fate] 4T, 13,200 rppmoll A 527 LA el | A3
o_q& A AT A Lo A 74@}%‘# DEPCE A T/FF

£ 50 111”" EFeto] =9 &
9} 4195 plE 715k 260 nm, 280 nmol A 2424 &%
=g %Xq 3t total RNAY S S48k Th. Oligo (dT) 15 pri-
mer (500 pg/ml) 1 ul, % RNA (2 nug)% nuclease free
waterZ 10 plE @3¢ 75T A 587 W3 A 7] & 5X re-
action buffer, MgCl,, PCR nucleotide mix, RNAsin inhibitor,
reverse transcriptase, nuclease free waterg #7}3ste] 25T
A 5, 42Tl A 60%, 70Tl A 1587 ¥H-3A# (DNAE
A skt

96 well plate] RNA &< 5

Reverse transcription-PCR

MITF, TRP-1, TRP-2, tyrosinase®] ©|¥#& 25 tjgt
mRNA 2@ & ¢olE7] 934 reverse transcription-poly-
merase chain reaction (RT-PCR)< AAI3FATH A g ol AHE
g primer sequences= Table 13+ 221 PCR tubed] 5X
green GoTaq flexi buffer, MgCl,, PCR nucleotide mix (10

Table 1. Sequence of the primers used for RT-PCR

mM), primer, Go Taqg DNA polymerase, nuclease free water,
§43 DNAE H7tste] EFF F PCRE A
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)+< 96
CollM 10%, 64Tl A 30%, 72Cll A 18(40 cycles), tyrosin-
ase 96 CAA 10%, 64Tl A 30%, 72Tl A 13(40 cycles)
< AU MITF, TRP-1 % TRP2E 472 96Tl A 10%,
56°C ol A1 30 , 72Cl A 1840 cycles)& 233t %i . PCRE
FAAZ % 0.002% ethidium bromide® 7} 1.5% agar-
ose geloll 100 Vol A 30% &<k A719F $ UV transillumi-
3

EhC
natorg °|&3ste] MES Selste] 4 Al

g g nE
HAB0is & 2
DPPH radical 274 AWM 7} 1S ks &4 =
O

A 9o stuz d4tst &4 =2 0] DPPHY radicals
2ANA =g o B S o] §ste] SHs WY
o|t}. 1,1-diphenyl-2-picryhydrazyl (DPPH)+ free radical ®
AL AN Ha v wz b Aol go] LoHE ofr| i
Ao} ascorbic acid, butylated hydroxyanisole (BHA) &l
osf ghlso] EAHEE g AL ZTY T8 =
A AMsted Bol o] &5 JTH10].

AT EA (Pinus koraiensis, PK)9} AU £ 7] (Hibiscus
cannabinus L., HC) 2 AUF EA 4} AUZ 7] FE2ES
118 &2 %3 FEE(PKHCO)Y DPPH radical &A%<
AT 23 Fig 13 Zo] YehiglaL, F&=9 57 371
Foll mel dagolsol S7tske AL 498 & AU 3t
U 24 Auz 271 FE2=2 44 1,000 pg/miel A
91.6%, 84.8%°] A 7E e oM, PKHCE 94%9) 7He =
S AARTAT S Hol P43 a5 EH B =AY
g AU 27 FEEd dcEHE FIT AN

lr ﬂ!ﬁr

o>

ABTS™ radical scavenging activity assay &8 Z1}
ABTS' radical 47 % & ABTS diammonium salt$} potas-

Gene Primer Sequence (5" —3)
GAPDH Sense TGA AGG TCG GTG TGA ACG GAT TTG GC
Anti-sense CAT GTA GGC CAT GAG GTC CAC CAC
MITF Forward AGC GTG TAT TTT CCC CAC AG
Reverse TAG CTC CTT AAT GCG GTC GT
TRP-1 Forward ACT TCA CTC AAG CCA ACT GC
Reverse AGC TTC CCA TCA GAT GTC GT
TRP-2 Forward GCT CCA AGT GGC TGT AGA CC
Reverse AAT GCA GTG GCT TGG AAA TC
Tyrosinase Forward GAC GGT CAC TGC ACA CTIT TG

Reverse

GCC ATG ACC AGG ATG AC
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Fig. 1. Electron donating ability of extracts from Pinus koraiensis,
Hibiscus cannabinus L. and the mixture. @@ PK : Pinus kor-
aiensis extracted with 70% ethanol. @ HC : Hibiscus canna-
binus L. extracted with 70% ethanol. @ PKHC : A mixture

of Pinus koraiensis and Hibiscus cannabinus L. extract in
a ratio of 1:1. Result are means * SD. of triplicate data.

sium persulfate®] ¥H3-o] & A4 € cation (ABTS)o] %
= W] gatst B ofs AAEEA radical S A<
AEM N A s SR RS s ot
[12].

A EA4, Auz 271 2 EFFEEY ABTS &7 %
=4 A3}E Fig 20 Y. FE=9 $57F S718
tet £2AF0] FUkeke A YT F Ao sy &

Y

Aot Auz £7] FEE2 1,000 ug/ml°ﬂ A 22 91%, 98.8%
o gz &% < Uit EFFEE 2 100 pg/mie]
A 90% ol aAse UEglen, ﬂl FE< 1,000
ng/mlA = 9% 2 A S Fod 58 FAT ¢
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- 80
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Fig. 2. ABTS' radical scavenging activity of Pinus koraiensis,
Hibiscus cannabinus L. and the mixed extracts. @ PK :
Pinus koraiensis extracted with 70% ethanol. @ HC :
Hibiscus cannabinus L. extracted with 70% ethanol, @
PKHC : A mixture of Pinus koraiensis and Hibiscus canna-
binus L. extract in a ratio of 1:1. Result are means + SD.
of triplicate data.
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Tyrosinase Mofigtd £H Zut

b 42 tyrosinase®] YU A wh3of o) =4
5™, melanosome W< tyrosines 4314l A DOPA, DOPA
quinone®. & W1, o] 5 AA0] A& 9 AF Aol
9] 3t] DOPA chrome, indole carboxylic acid, indolequinone
TOE tjatEo] dapd Ao #ofstA Eoh Tyrosinase
A A A= 35 WA 9 melanin polymer 38-& &34
OS2 A 4 o] FF wHA o] kel Lo} A tyrosinase
GAA AL 783 HPHoE AAHI i[5, 16].

AUF EAPK), AUZ £7|(HC) & £ FFE(PKHC)
9] tyrosinase A3 24 ZAF A3} Fig. 304 BE v}
7L°l =Tt S whet AR o] FUkete Ae SAT

T AN AUYE FA G AVEZ 27 F2E2 247 1,000
ug/mlell A 40%, 27.5% <] A& JEbd Aze
A< o, PKHCE 1,000 pg/ml =4 43%<] AFZ uly
5 U FeEHE AT F ASdTh

MTT assayoil oI5t NE MESZ
AE BELES ZA387] 918 MIT assaye= 254 4%
o2 e S84 714l 3-(4,5-dimethylthiazol-2-y1)-2,
5-diphenyl-tetrazoliumbromide (MTT)°] nEZc ol &
T4 o3 S AFAE He HeE4 9 MIT for-

53 2

mazang A, & A Xd= ‘?_%O}Z] %+ MTT for-
mazan®] FUEHE AEE SA= AAHIT19].
ZE S Az 27 8 EFFEE @E}L—_U}(Bm

F10) Ao A 9] M E HEE&-S MIT assay®l &3] &3

7} Fig. 4% Zo] Jerf At AU 549} Avz £7) %%

22 50 ug/ml FE0NA 5%l 7H7he ME 2L ST
& dgoy, EFFZEL 100 pg/miolA 100%0l o2& Al

50

EPK =HC wmPKHC

5

Fig. 3. Inhibition rate of Pinus koraiensis, Hibiscus cannabinus L
and the mixed extracts on tyrosinase. @ PK : Pinus kor-
aiensis extracted with 70% ethanol. @ HC : Hibiscus canna-
binus L. extracted with 70% ethanol. [ PKHC : A mixture
of Pinus koraiensis and Hibiscus cannabinus L. extract in
a ratio of 1:1. Result are means * SD. of triplicate data.
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Fig. 4. Cell viability of extracts from Pinus koraiensis, Hibiscus
cannabinus L. and the mixture on melanoma cell (B16
F10). After BI6F10 cells (1x10° cells/well) were started
in medium for 24 hr the cells were treated with 5, 10,
50, 100, 500 and 1,000 pg/ml of extracted PK, HC and
PKHC for 24 hr. @ PK : Pinus koraiensis extracted with
70% ethanol. @ HC : Hibiscus cannabinus L. extracted
with 70% ethanol. @ PKHC : A mixture of Pinus kor-
aiensis and Hibiscus cannabinus L. extract in a ratio of
1:1. Result are means £ SD. of triplicate data.
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Fig. 5. MITF, TRP-1, TRP-2 and tyrosinase protein expression rate of the mixed PKHC extract on melanoma cell (B16F10). After
BI6F10 cells (1x10° cells/well) were started in medium for 24 hr the cells were treated 25, 50 and 100 ng/ml of extracts
from A mixture of Pinus koraiensis and Hibiscus cannabinus L. extract in a ratio of 1:1 for 24 hr. Con: control, in B16F10
cells treated with a-MSH, Nor: normal, in B16F10 cells not treated with a-MSH. Results are means + S.D. of triplicate data.
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Fig. 6. MITF, TRP-1, TRP-2 and tyrosinase mRNA expression rate of the mixed PKHC extract on melanoma cell (B16F10). After
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